Digital breast tomosynthesis compared to digital mammography in a series of Egyptian women with pathologically proven breast cancer  by Refaat, Rania & Matar, Mohammed Moh.
The Egyptian Journal of Radiology and Nuclear Medicine (2015) 46, 1241–1248Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLEDigital breast tomosynthesis compared to digital
mammography in a series of Egyptian women
with pathologically proven breast cancer* Corresponding author. Mobile: +2 01005285089.
E-mail address: raniarefaat_1977@hotmail.com (R. Refaat).
Peer review under responsibility of Egyptian Society of Radiology and
Nuclear Medicine.
http://dx.doi.org/10.1016/j.ejrnm.2015.06.007
0378-603X  2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Rania Refaat a,*, Mohammed Moh. Matar ba Department of Radiodiagnosis, Ain Shams University, Cairo, Egypt
b Department of General Surgery, Ain Shams University, Cairo, EgyptReceived 5 May 2015; accepted 11 June 2015
Available online 10 July 2015KEYWORDS
Digital mammography
(DM);
Digital breast tomosynthesis
(DBT);
Breast Imaging-Reporting
and Data System (BI-
RADS);
Pathologically proven breast
cancer;
Egyptian womenAbstract Background: Breast cancer has a high prevalence in Egyptian women representing a
major health problem for the patients and the community. Mammography is the primary modality
in breast imaging inspite of its well-known limitations. Currently, digital breast tomosynthesis is
state-of-the-art modality in breast imaging which provides images reconstructed from multiple
projections acquired at different angles.
Objective: To compare digital breast tomosynthesis (DBT) to digital mammography (DM) in a
series of Egyptian women with pathologically proven breast cancer.
Materials and methods: Twenty ﬁve women who were imaged by DBT and DM, and were proved to
have breast cancer, were enrolled in this study. The acquired images of DBT and DM were reviewed for
the malignant features and for Breast Imaging-Reporting and Data System (BI-RADS) category assess-
ment. The equivalence (i.e., better, equivalent or worse) of the malignant features in DBT compared to
DM was also rated. Lesion detection by craniocaudal (CC) and mediolateral oblique (MLO) views
was also compared.
Results: The equivalence rate of DBT compared to DM was superior in 60% of lesions (95% conﬁdence
interval [CI]; 44.1–75.9%); 11 of 20 (55%) mass lesions, 3 of 4 (75%) focal density lesions, 2 of 5 (40%)
architectural distortion lesions and 8 of 11 (72.7%) inmicrocalciﬁcation lesions.Moreover, lesion detection
by DBTwas statistically signiﬁcant (p= 0.008) in 7 lesions; 4 mass lesions, 1 architectural distortion lesion
and 2 microcalciﬁcation lesions. Regarding BI-RADS category assessment, category increased rating by
DBT compared to DM showed high statistical signiﬁcance (p= 0.001). In addition, the superior equiva-
lence rating of lesion detection byCC view compared toMLOviewwas statistically signiﬁcant (p= 0.040).
Conclusion: Digital breast tomosynthesis provides more lesion detection and hence, it is better in assigning
BI-RADS category by solving the difﬁculties of diagnosis caused by parenchyma overlap.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Detection of breast lesions is important for further evaluation
and predicting the risk of malignancy (1). This is owing to the
fact that breast cancer (BC) is an increasing public health prob-
lem (2). Breast cancer is the most common malignancy among
women worldwide with increasing incidence rates (3). It was
ranked as the ﬁrst most common malignancy among Egyptian
females representing 37.8% of all women cancer cases (4).
Currently, mammography is the breast imaging technique for
both clinical and screening purposes (1). Nevertheless, the limi-
tations of mammography are well-known. These deﬁcits stem
largely from the superimposition of normal breast structures
in the path of the X-ray beam leading to false positive results
and diminishing the examination speciﬁcity. Conversely, nor-
mal breast tissue elements that lie outside the plane of interest
can obscure an abnormality leading to false negative results
and decreasing the examination sensitivity (5).
Recent advances in digital imaging in general, and full-ﬁeld
digital mammography (FFDM) in particular, have led to the
development of DBT systems for three-dimensional breast exam-
inations (6,7). Digital breast tomosynthesis (DBT) produces
three-dimensional images by taking multiple low-dose images
per view along an arc over the breast. DBT is a novel imaging
technology in which an X-ray fan beam sweeps in an arc across
the breast producing tomographic images and enabling the pro-
duction of volumetric three-dimensional data (8).
We did not take diagnosis by sonography purposely into
account primarily to compare digital mammography andA
Fig. 1 (A) Right craniocaudal digital mammography examination
(circle) with barely seen few microcalciﬁcations assigning for BI-RAD
examination shows that these two adherent masses represent an irre
microcalciﬁcations assigning for BI-RADS 5.digital breast tomosynthesis independently for the detection
of breast cancer. Secondarily, it has been reported to be
operator-dependent with low interobserver agreement,
particularly for small malignancies (9). Additionally, it
well-established that digital breast tomosynthesis overcomes
the limitations of conventional two-dimensional (2D) DM
through the generation of three-dimensional (3D) data (8).
To the best of our knowledge, there are many studies (10–
13) comparing digital breast tomosynthesis to digital
mammography in Western women. Yet, there is lack of studies
concerning with this state-of-the-art modality compared to
digital mammography in Arab women. This is inspite of the
fact that breast cancer is the most frequent cancer in Arab
women constituting 14–42% of all women cancers. Breast can-
cer in Arab countries presents almost 10 year younger than in
USA and Europe. Moreover, 50% of all cases in Arab coun-
tries are below the age of 50 years, while only 25% of cases
in industrialized nations are below the age of 50 years (14).
Consequently, we aimed in the current study to compare digital
breast tomosynthesis to digital mammography in a series of
Egyptian women with pathologically proven breast cancer.
2. Materials and methods
2.1. Patients
This prospective study was conducted from July 2014 to
February 2015. In which, 25 women who were imaged by
DBT and DM and, were proved to have breast cancer, were B 
demonstrates two adherent masses showing spiculated margins
S 5. (B) Single slice from right craniocaudal digital tomosynthesis
gularly-shaped spiculated mass (circle) with more obviously seen
Digital breast tomosynthesis compared to digital mammography 1243enrolled. The study protocol was approved by the Committee of
Ethics. All patients gave their informed written consents.
Patients with lesions which had been completely removed by
stereotactic vacuum-assisted breast biopsy and those with his-
tory of open biopsy and/or surgery affecting breast architecture
were excluded from this study. The exclusion criteria also com-
prised the presence of breast implants, pregnancy and current
lactation. Complete history taking was performed including
age, symptoms and family history of breast cancer. This was fol-
lowed by full dedicated general and local clinical examination.
2.2. Methods
2.2.1. Digital breast tomosynthesis and digital mammography
image acquisition
A digital breast tomosynthesis system (Senographe Essential,
GE Healthcare, Buc, France) was used for patients’ imaging.A B
Fig. 2 (A) Right craniocaudal digital mammography examination
microcalciﬁcations assigning for BI-RADS 4A. (B) Single slice fro
demonstrates this ﬁnding (arrowed) with better visualized and rather
Table 1 Equivalence rating of digital bre
mammography.
Malignant ﬁndings
Superior
Mass 11
Focal density 3
Architectural distortion 2
Clusters of microcalciﬁcations 8
Total 24
Note––Data are numbers of ﬁndings.The system supported both DM and DBT imaging by
acquiring craniocaudal (CC) and mediolateral oblique
(MLO) projections for each examination during the same
breast compression.
2.2.2. Image interpretation
Each examination formed of two views: the CC and the MLO,
was reviewed by a radiologist having more than 10 years of
experience in breast imaging. The images of each examination
were separately reviewed on dedicated workstation (IDI, GE
Healthcare) with two high-resolution display monitors to
determine the presence or absence of any abnormal ﬁndings.
The images of CC and MLO views obtained by DM were eval-
uated at ﬁrst. Then, the images obtained by DBT were
reviewed in cine mode in manual scroll mode. Zooming was
used in DM or DBT whenever required. The probability of
malignancy was rated on Breast Imaging-Reporting and  
shows an ill-deﬁned focal density (arrowed) and few barely seen
m right craniocaudal digital tomosynthesis examination nicely
numerous microcalciﬁcations assigning for BI-RADS 4C.
ast tomosynthesis compared to digital
Equivalence rating Total
Equivalent Inferior
9 0 20
1 0 4
3 0 5
3 0 11
16 0 40
A B
C D
Fig. 3 (A) Left craniocaudal digital mammography examination and (B) zoomed image of A show a spiculated mass (arrowed) with
pleomorphic microcalciﬁcations assigning for BI-RADS 4B. (C) Single slice from left craniocaudal digital tomosynthesis examination and
(D) zoomed image of C demonstrate the same mass (arrowed) with more clearly seen pleomorphic microcalciﬁcations, yet, with another
adjacently located spiculated mass (double arrowed) assigning for BI-RADS 4C.
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Digital breast tomosynthesis compared to digital mammography 1245Data System (BI-RADS)-based scale: BI-RADS 4A, 4B, 4C
and 5 (15). During interpretation sessions, no comparison
examinations or other clinical information about the patients
was provided. The malignant features included focal density,
architectural distortion, mass, clusters of microcalciﬁcations
or combinations of these.
Moreover, the radiologist subjectively rated the equivalence
(i.e., better, equivalent or worse) of the malignant features in
DBT compared to DM. For example, if the margins of a mass
were clearly more visible with DBT, DBT was rated superior
to DM. Eventually, each patient was assigned for BI-RADS
category in each examination separately. The equivalence rat-
ing of lesion detection by CC and MLO views was also
compared.
2.3. Statistical analysis
All statistical procedures were carried out using SPSS version
18 for Windows (SPSS Inc., Chicago, IL, USA). Continuous
variables were expressed as mean ± standard deviation (SD)
and both number and percentage (with 95% conﬁdence inter-
val [CI]) for categorical variables. Fisher’s exact test was used
for measuring the signiﬁcance of equivalence ratings for each
ﬁnding and lesion detection by craniocaudal and mediolateral
oblique views. Also, marginal homogeneity test was used for
measuring the signiﬁcance of BI-RADS category increased
rating by DBT compared to DM. The probability of error
(p value) at 0.05 was considered signiﬁcant, while, at 0.001
was considered highly signiﬁcant. 
A 
 
B 
Fig. 4 (A) Zoomed left craniocaudal digital mammography
examination shows a focal density (circle) assigning for BI-RADS
4A. (B) Zoomed single slice from left craniocaudal digital
tomosynthesis examination clearly demonstrates this ﬁnding
(circle) with newly detected and numerously seen microcalciﬁca-
tions that are preferentially located within it assigning for
BI-RADS 5.3. Results
The mean age of the examined patients was 57.8 ± 10.5 years
(range, 37–75 years). Among the included 25 patients, 14
patients (56%) underwent breast conservative surgery and 11
patients (44%) underwent modiﬁed radical mastectomy. All
breast cancer diagnoses were veriﬁed by histopathological
examination. The study included one breast per patient.
Some patients had more than one malignant ﬁnding; thus,
the total number of malignant ﬁndings in all included patients
was 40. Considering the equivalence rate of DBT compared to
DM, it was superior in 60% of lesions (95% CI; 44.1–75.9%).
It was superior in detection of the following: 11 of 20 (55%)
mass lesions (Fig. 1), 3 of 4 (75%) focal density lesions
(Fig. 2), 2 of 5 (40%) architectural distortion lesions and 8
of 11 (72.7%) in microcalciﬁcation lesions (Table 1).
Moreover, detection of additional lesions by DBT was statisti-
cally signiﬁcant (p= 0.008) in 7 lesions which could not be
detected by DM accounting to 28% of patients. These 7 lesions
comprised 4 mass lesions (Fig. 3), 1 architectural distortion
lesion and 2 microcalciﬁcation lesions (Fig. 4). Alternatively,
DBT and DM were equivalent for the rest of 16 lesions, 9 mass
lesions, 3 architectural distortion lesions (Fig. 5), 3 microcalci-
ﬁcation lesions and 1 focal density lesion.
Considering BI-RADS category assessment, 11 patients
(44%) had the same BI-RADS categories by DM and DBT
as shown in Figs. 1 and 5. On the other hand, BI-RADS cat-
egory was changed in the remaining 14 patients (56%) in DBT
compared to DM as shown in Figs. 2–4. BI-RADS categories
by digital breast tomosynthesis and digital mammography are
summarized in Table 2. Furthermore, BI-RADS categoryincreased rating by DBT compared to DM showed high
statistical signiﬁcance (p= 0.001).
Regarding lesion detection by CC and MLO views, CC
view of DBT was superior to that of DM in 15 patients and
equivalent to that of DM in 5 patients. Alternatively, MLO
view of DBT was superior to that of DM in 1 patient and
equivalent to that of DM in 4 patients. Thus, the superior
equivalence rating of lesion detection by CC view compared
to MLO view was statistically signiﬁcant (p= 0.040).
4. Discussion
The objective of this study was to compare digital breast
tomosynthesis (DBT) to digital mammography (DM) in a ser-
ies of Egyptian women with pathologically proven breast can-
cer. We evaluated the malignant features of masses, focal
densities, architectural distortions and clusters of microcalciﬁ-
cations. The equivalence rate of digital breast tomosynthesis
compared to digital mammography in the current study was
superior in 60% of lesions (95% CI; 44.1–75.9%), 11 of 20
(55%) mass lesions, 3 of 4 (75%) focal density lesions, 2 of 5
(40%) architectural distortion lesions and 8 of 11 (72.7%) in
A B
Fig. 5 (A) Right craniocaudal digital mammography examination and (B) single slice from right craniocaudal digital tomosynthesis
examination show an area of architectural distortion (circle) in the deep retroareolar region assigning for BI-RADS 5.
Table 2 BI-RADS categories by digital breast tomosynthesis and digital mammography.
BI-RADS category Digital breast tomosynthesis Digital mammography
n (%) n (%)
4A 0 (0) 5 (20)
4B 0 (0) 3 (12)
4C 10 (40) 9 (36)
5 15 (60) 8 (32)
Total 25 (100) 25 (100)
1246 R. Refaat, M.M. Matarmicrocalciﬁcation lesions. Performing tomosynthesis after a
BI-RADS 4 or 5 mammography would result in the detection
of additional lesions in 10% of cases (16). Moreover, digital
breast tomosynthesis in the current study additionally detected
lesions in 28% of patients which could not be detected by
digital mammography.
Our ﬁndings as regards masses are consistent with previous
studies (17,18) in which the masses in tomosynthesis were well-
characterized than digital mammography. Concerning focal
breast density, it is found in approximately 3% of mammo-
grams (19). In the current study, it was difﬁcult to evaluate
focal density in digital mammography as the density was
almost the same as normal breast tissue. For architectural dis-
tortion, it accounts for 12–45% of overlooked or misinter-
preted breast cancer cases in screening mammographies(20,21) and is considered the most commonly missed abnor-
mality in false negative cases (22). DBT was proved to over-
come this problem which is commonly encountered in 2D
mammography (8,23). Likewise, digital breast tomosynthesis
was superior to digital mammography in detecting 2 of 5
(40%) architectural distortion lesions in this study.
Considering microcalciﬁcations, digital breast tomosynthe-
sis was superior compared to digital mammography in detect-
ing 8 of 11 (72.7%) microcalciﬁcation lesions. This may be
attributed as the machine that we used in the current study
has some key technical parameters impacting the image acqui-
sition and hence, the image quality. This machine uses 25
sweep angle range and 9 projections with step and shoot tube
motion technology providing higher peak contrast for micro-
calciﬁcations than the classical continuous tube motion.
Digital breast tomosynthesis compared to digital mammography 1247Thus, it preserves the sharpness of microcalciﬁcations and
avoids image blur. The detector used in this machine also offers
high detective quantum efﬁciency (DQE) at low dose allowing
the visualization of microcalciﬁcations. Moreover, the distance
in breast tomosynthesis by this machine is measured between
consecutive tomoplanes and not the thickness as it is done in
CT acquisitions. Therefore, this results in improvement of visu-
alization of microcalciﬁcations by reducing the distance
between them.
Earlier studies (24,25) had also supported the diagnostic
performance of digital breast tomosynthesis for detection of
microcalciﬁcation compared to digital mammography.
Kopans et al. (24) compared the clarity of calciﬁcations on
mammography versus tomosynthesis. They found that the cal-
ciﬁcations were seen with superior clarity on the breast
tomosynthesis study in 41.6% of cases, same visibility for both
imaging methods in 50.4% of cases and greater clarity for the
mammographic images in 8% of cases. Eventually, they con-
cluded that tomosynthesis allowed for comparable and per-
haps improved interpretive analysis of detected calciﬁcations
compared to mammography. Conversely, other studies (5,26)
comparing microcalciﬁcation detectability have found that
DBT was inferior to mammography. Poplack et al. (5) found
that DM (i.e., standard and focal magniﬁcation views)
outperformed tomosynthesis on the basis of better conspicuity
of calciﬁcations and better discrimination of particle number
and morphology.
Vecchio et al. (27) elucidated that breast tomosynthesis
reduces the complexity of the tissue structures on the images
and reveals certain details of interest that may not be detect-
able with digital mammography with resultant improvement
of the conspicuity of structures. These are owing to its inherent
3D reconstruction advantages for structure noise removal.
Additionally, reduced anatomical noise from superimposed tis-
sues is expected to improve breast cancer detection compared
to digital mammography as breast tomosynthesis collects 2D
projection views over a limited angular range allowing recon-
struction of thin slices of the breast volume (10). It also allows
for a more accurate 3D localization of the tumor surgical
planning (17).
In the current study, CC view of DBT was superior to that
of DM in 15 patients and equivalent to that of DM in 5
patients. Alternatively, MLO view of DBT was superior to
that of DM in 1 patient and equivalent to that of DM in 4
patients. Hence, the superior equivalence rating of lesion
detection by CC view compared to MLO view in our study
was statistically signiﬁcant. Andersson et al. (11) declared that
by the common distribution of the ﬁbroglandular tissue which
in the CC view is located in the subareolar region and in the
upper outer quadrant, while, it tends to overlap with most of
the breast in the MLO view. Thus, even the superimposition
of a moderate amount of ﬁbroglandular tissue seems to ham-
per the detection of a small tumor in the MLO view.
Moreover, they afﬁrmed that the distribution of ﬁbroglandular
tissue in breast tomosynthesis is not as much a concern as the
problem of superimposition is reduced in a tomographic
technique.
Finally, we recommend further similar studies with a larger
Arab women population to conﬁrm or refute our ﬁndings.
This aims for better patient’s triage by allowing prompt diag-
nosis and hence, improving further patient’s management.5. Conclusion
Digital breast tomosynthesis addresses the problem of overlap-
ping tissues and offers three-dimensional images. Herein, it
provides more lesion detection and hence, it is better in assign-
ing BI-RADS category. For these reasons, digital breast
tomosynthesis may be the imaging technique that potentially
substitutes digital mammography as the primary tool in
evaluation of various breast lesions.
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